A question has been raised whether the herbicide 2,4,5-T (2,4,5-trichlorophenoxyacetic The same is also true, of course, with many other substances, including water and oxygen.
Thus, the major utility of an animal experiment is to ascertain whether or not the reactions to relatively high doses can serve for extrapolating a dose response function that will reveal the occurrence of a zero or nontoxic response to some dose or whether the agent may be toxic at any dose.
Experiments that may yield answers to such questions require a large amount of sophistication in the design, the analysis of multivariate data, the mathematical techniques for extrapolation, and data processing facilities.
Yet, there are less than a dozen key reports each of studies on the toxicity of 2,4,5-T, dating back to the early 1950's for the most part (1, 4) , and on its teratogenicity, mostly done in the last 2 years (5). Almost two decades have elapsed between these two series of experiments. Whereas the toxicity studies were done at some leisure and the teratogenicity studies had some aspect of emergency about them, they are indistinguishable in their lack of adequate statistical experimental design and analysis of data. Most of these experiments were performed with some variation and combination of different dose levels: different concentrations at which doses were applied, different vehicles that carried the doses, and different amounts of impurities (such as, especially, trichloro-2,3,7,8-tetrachlorodibenzop-dioxin TCDD); and some were performed on different species or with different products coming from different manufacturers. Yet, the reports of these experiments analyzed by the 2,4,5-T Advisory Committee (6) did not contain a single experiment that (i) was designed to tell something albout the effect of 2,4,5-T at very low doses, and (ii) attem-pted, by statistical analysis or mathematical techniques, to milk the available data (although inadequate) for whatever information could have been obtained about reactions of animals to very small doses. From the point of view of statistical sophistication practiced in this important field, much is to be learned from the aforementioned studies.
All experiments were designed to test the effect of 2,4,5-T at relatively high doses on relatively small numbers of animals. No provisions were built into the experimental design to permit picking up the effect of 2,4,5-T at a low dose. In fact, some of the conclusions reached by the scientists who reviewed these data were that 2,4,5-T has a toxic and teratogenic effect only at high doses (6). This impression may have been created by the fact that no adequate experimental design existed to assess the effect of 2,4,5-T at low doses.
Very serious, in view of the wealth of available statistical and mathematical techniques, is the relative naivete with which these studies were analyzed. In many of these reports, the investigators did not subject their data to any statistical analysis. Simple summary figures, such as the arithmetic average, were in most instances not accompanied by measures of dispersion. The most sophisticated statistical analyses were multiple applications of Student's t-tests, comparing sets of measurements from each individual group (resulting from combinations of doses and other factors) with a control group. The numbers so analyzed often were discrete rather than continuous and came from obviously nonnormal distributions. Those values of t that met the famous criterion of statistical significance at P -.05 were duly starred with an asterisk, thus adding insult to injury (7) . (It is a matter of curiosity why not a single one of these experimenters subjected his data to the robust and generally available technique of analysis of variance, let alone saying anything about taking out the effect of confounding variables by suitable modifications of that technique.)
It is not easy to understand why so much inadequate data and analyses had been generated. After all, these toxicological problems are not new, and solutions exist for most of them. One simple answer might be that these practices have grown up around the need to license or register possibly toxic products and not around their widespread use. Perhaps the proof that a dose of x mg/kg does not kill a predetermined number of rats is sufficient to evoke a bureaucratic decision concerning the legality of a manufacturing or distribution process. At the same time, these same legal requirements, and economic considerations growing from them, may have forced toxicologists into practices that are not only inappropriate but perhaps also needlessly expensive. But surely, after we have recently experienced the havoc caused by licensed or legally manufactured and distributed goods and chemicals (or both), the time has come to reevaluate the necessary scientific prerequisites on which 24 DECEMBER 1971 public health decisions can be based. Fortunately, a rich armamentarium of mathematical and statistical tools are at hand that could correct some of the more pressing problems of design of experiments and analysis of their results. In contrast, the selection of proper animal models is bound to remain a difficult choice. (1) reported observations concerning electrocortical activity preceding spoken language. There are a number of reasons (in part based upon several years of intensive work on this same problem in our laboratory) to question their conclusion that the study provides direct physiological evidence for localization of language production function.
First, the onset of a microphone response to an acoustic transient related to the subject's utterance was the basis for triggering their signal-averaging device. They report that the microphone was placed 2.5 cm directly in front of the subject's mouth; under these conditions at an 80-db flat weighting trigger level it would be difficult to separate out the activation of the trigger by an acoustic transient, an airburst often associated with words starting with the initial phonemes "p" and "k" or by phonation. The simple expedient of placing the microphone lateral to or above the mouth plus a wind screen for deflecting air movement would permit a more consistent basis for triggering (that is, actual acoustic signal production) and would permit the selection of either the acoustic burst or the onset of phonation. It is equally unclear just what event was used as the trigger reference for the coughing and spitting "controls." This probable ambiguity in triggering onset in turn introduces an unknown amount of temporal variability into the brain potential observations. Nonphonated acoustic events may precede voice onset by 20 to 100 msec or more (2) .
Moreover, certain articulatory ges-
